Background--There is controversy surrounding the risk of ischemic stroke associated with the use of calcium supplements either in monotherapy or in combination with vitamin D.
C alcium supplements, alone or combined with vitamin D, represent the first-line therapy for the treatment of osteoporosis, particularly among women. 1 In 2010, Bolland et al 2 reported a meta-analysis of 8 randomized clinical trials in which calcium supplements in monotherapy (CaM) were associated with a significant increased risk of acute myocardial infarction (AMI; relative risk: 1.27; 95% confidence interval [CI], 1.01-1.59) and a marginally nonsignificant increased risk of stroke (relative risk: 1.12; 95% CI, 0.92-1.36). Two years later, the same authors extended the concern to the combination of calcium with vitamin D (CaD), after reanalysis of the WHI (Women's Health Initiative) trial and a pooled analysis with 2 other clinical trials, giving rise to a relative risk of 1.21 (95% CI, 1.01-1.44) for AMI and 1.20 (95% CI, 1.00-1.43) for stroke. 3 Such meta-analyses, however, have been criticized because the clinical trials were not primarily designed to evaluate cardiovascular events. 4, 5 In addition, a reanalysis of the WHI trial performed by its own investigators 6 and 2 more recent metaanalyses showed no significant increased risk of AMI, 7, 8 stroke, 8 and all-cause mortality. 7 Although a randomized clinical trial specifically designed to detect cardiovascular events would be the best option to put an end to this controversy, 9 it is a large endeavor that may not be feasible in the short to medium term. Consequently, the evidence provided by epidemiological studies may be the only data available to shed some light and help make important public health decisions. We recently performed a nested case-control study to primarily assess the association of nonsteroidal anti-inflammatory drugs with ischemic stroke (IS) 10 using a primary care database in which all medicinal products prescribed by primary care practitioners (PCPs) are automatically recorded. We asked the database owner (the Spanish Agency for Medicines and Medical Devices, the drug regulatory body in Spain) for additional information concerning prescriptions of calcium supplements, as monotherapy or in fixed-dose combination with vitamin D, and tested the hypothesis of an increased risk of IS associated with these drugs. Observational studies may be affected by a prevalent-user bias, which has been alleged to partly explain the differences found with the results from randomized clinical trials in the assessment of coronary events associated with hormone replacement therapy. 11 This bias can be eliminated and, consequently, the validity of observational data can be improved if prevalent users are excluded from the analysis (the so-called new user design). 11 We applied this approach in a sensitivity analysis to check the impact of such a potential bias.
Methods Data Source
The study was performed using BIFAP (Base de datos para la Investigaci on Farmacoepidemiol ogica en Atenci on Primaria). 12 This database has been validated for pharmacoepidemiological research, and results have been successfully compared with those from other well-known European databases. [13] [14] [15] Over the study period (January 1, 2001, to December 31, 2007) , BIFAP included anonymized information on 2 410 942 patients. This cohort is comparable with the Spanish population with respect to age and sex distribution. 12 Data recorded in BIFAP include demographic information, prescription details, clinical events, specialist referrals, and results from laboratory and other exploratory tests. Prescription data in BIFAP include product name, the date of prescription, quantity dispensed, dosage regimens, strength, and indication. The vast majority of patients get their prescriptions from their PCPs; even when they visit a specialist or are discharged from the hospital, they usually go to the PCP to get their prescriptions, especially for longterm treatments. Patient complaints and diagnoses are coded according to the International Classification of Primary Care (ICPC). 16 This information is often enriched with free text in clinical notes linked to the coded diagnosis.
Study Design
We performed a population-based case-control study nested in a primary cohort selected from BIFAP over the period [2001] [2002] [2003] [2004] [2005] [2006] [2007] . People entered the primary cohort (start date) once they fulfilled all of the following criteria: aged 40 to 89 years, registered with their PCP for at least 1 year, and no record of cancer. Patients were followed up until the earliest occurrence of one of the following end points: the event of interest, 90 years of age, a diagnosis of cancer, death, or the end of the study period.
Selection of Cases
An initial computer search was performed including all patients with an ICPC-BIFAP code of either K90.2 (IS) or K90.1 (unspecific stroke). All potential cases were manually reviewed and considered valid if they had a diagnosis of IS (by code or free text) made in the hospital (eg, hospital discharge letter, record of hospitalization) or by a neurologist (eg, specialist report). We also accepted a case as valid if, in addition to the code and/or free-text diagnosis of IS, the clinical records included a result from neuromaging techniques and/or clinical information (eg, neurological sequelae) supporting the diagnosis. In addition, no death should be recorded within 30 days after the index date. Patients with a transient ischemic attack were not considered as cases. The index date was normally considered the date of the first record of the outcome (IS) in the database, unless the reviewers had evidence to support an earlier date based on clinical signs. In the original study, we did not exclude patients with a previous IS episode, 10 but for the present analysis, we preferred to focus only on first events.
Selection of Controls
Eligible controls were randomly selected from the study population using an incidence density sampling. 17 Briefly, all persons in the study cohort were randomly assigned a date within the study period, and study cohort members with their corresponding random date occurring within their observation period were considered eligible. In this way, we ensured that the probability of being sampled was proportional to the amount of person-time each person contributed to the study period. Cohort members were then frequency-matched to cases by age (within 1 year), sex, and calendar year, and from this pool, we selected a random sample of 20 000 controls. The random date assigned to controls in the process of selection was considered the index date.
Exposure Definitions
We categorized patients as current users when they had a recorded prescription of the drug of interest (either CaM or CaD) that ended within 30 days before the index date, as recent users when they had a recorded prescription that ended between 31 and 365 days before the index date, and as past users when they had a recorded prescription that ended >365 days before the index date. Patients with no recorded prescription of the drug of interest before the index date were categorized as nonusers. Among CaD users, we considered only those patients using a fixed-dose combination of calcium and vitamin D. The number of patients using both calcium and vitamin D as separate medicinal products was negligible. Among current users, we studied the effect of calcium daily dose and duration. Calcium daily dose was considered low when it was <1000 mg and high when it was ≥1000 mg. The duration was measured as "continuous duration" using only consecutive prescriptions (defined as those with a <60-day gap between the end of supply of the previous prescription and the start of the next one).
Potential Confounding Variables
We considered as potential confounding variables the antecedents of the following diseases or risk factors at the time of index date: ischemic heart disease (including AMI), transient ischemic attack, peripheral artery disease, heart failure, atrial fibrillation, diabetes mellitus (recorded as such or when patients were using glucose-lowering drugs), renal failure, rheumatoid arthritis, osteoarthritis, gout (recorded as such), hyperuricemia (when recorded as such and no record of gout), depression, chronic obstructive pulmonary disease, dyslipidemia (recorded as such or when patients were using lipid-lowering drugs) and hypertension, smoking, alcohol abuse (defined as such by the general practitioner), and body mass index. In addition, we also included the use of the following drugs: nonsteroidal anti-inflammatory drugs, metamizole, paracetamol (acetaminophen), corticosteroids, colchicine, allopurinol, a-blockers, calcium channel blockers, b-blockers, angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, diuretics, nitrates, low-dose aspirin, nonaspirin antiplatelet drugs, oral anticoagulants, and acid-suppressing drugs.
Statistical Analysis
The association between the use of either CaM or CaD and nonfatal IS was analyzed using an unconditional logistic regression model including matching factors and all potentially confounding variables described above to compute fulladjusted odds ratios (ORs) and their 95% confidence intervals (CIs). The level of statistical significance was set at <0.05.
Some covariates (smoking and body mass index) had missing values, and we applied multiple imputation by chained equations models, building 20 imputation data sets to account for random variability. 18 The variables included in the imputation models were the same as those included in the full model plus the outcome variable (nonfatal IS). We also studied whether the main effect was or was not modified by age (<70, and ≥70 years), sex, and background cardiovascular risk. For the latter, we divided patients in 3 categories: (1) High risk included those with records of peripheral artery disease, AMI, diabetes mellitus, transient ischemic attack, and atrial fibrillation; (2) intermediate risk included those with at least 1 cardiovascular risk factor (hypertension, dyslipidemia, current smoking, or renal failure) but none of the qualifying criteria for high risk, and (3) low risk included the remainder. We included patients with diabetes mellitus within the high-risk group because it has been reported to have a risk equivalent to ischemic heart disease. 19 For the statistical evaluation of the effect modification (or interaction), we ran fully adjusted logistic models across different categories of potential modifiers and computed the OR associated with current use of the drugs of interest compared with nonuse by each stratum. We compared the ORs using the test of interaction described by Altman and Bland. 20 Statistical analyses were conducted using the software STATA version 12/SE.
New-User Analyses
For the new-user analyses, we excluded from both cases and controls all patients with a recorded prescription of either CaM or CaD before the start date of cohort entry, thus ensuring that all users of CaM or CaD initiated the treatment during their observation time. 11 
Ethics Review
The scientific committee of BIFAP granted a positive opinion to the study protocol. The investigators had access to only fully anonymized data, and under this condition, no specific ethics review was required according to Spanish law.
Results

Main Analysis
We identified 2690 cases with a first episode of IS and 19 538 controls ( Figure) . The characteristics of cases and controls are described in Table 1 . As expected, cases presented a higher prevalence of cardiovascular diseases (in particular, history of atrial fibrillation, transient ischemic attack, diabetes mellitus, and peripheral artery disease), cardiovascular risk factors (renal failure, hypertension, dyslipidemia, and smoking), and use of cardiovascular drugs. Among cases, 87 participants (3.23%) were current users of CaD compared with 743 (3.80%) among controls, yielding an adjusted OR of 0.85 (95% CI, 0.67-1.08). No dose or duration effect was observed (Table 2) . Sex, age (<70 or ≥70 years), and background cardiovascular risk did not modify the results associated with CaD (Table 3) .
Fifty cases (1.86%) were current users of CaM compared with 293 controls (1.50%) (OR: 1.18; 95% CI, 0.86-1.61; Table 4 ). We observed a significantly increased risk at doses of ≥1000 mg/day (OR 2.09; 95% CI, 1.25-3.49; P=0.005) that was present in both women (OR: 1.77; 95% CI, 0.94-3.35; P=0.079) and men (OR: 3.00; 95% CI, 1.20-7.45; P=0.018; test for interaction, P=0.353). At lower daily doses, we did not observe an increased risk (OR: 0.76; 95% CI, 0.45-1.26). We did not observe a duration effect or an effect modification by sex, age, or background cardiovascular risk (Table 5 ).
New-User Approach
After excluding prevalent users of CaM or CaD, we had 2493 cases with a first episode of IS and 18 092 controls (Figure) . Their characteristics are shown in Table S1 . The ORs were similar to those of the main analysis (OR for CaD: 0.67; 95% CI, 0.44-1.00; OR for CaM: 1.20; 95% CI, 0.69-2.11; Tables S2 and  S3 ). Consistent with the main analysis, we also detected a significantly increased risk at calcium daily doses of ≥1000 mg among current CaM users (OR: 3.99; 95% CI, 1.71-9.34; P=0.001; Table S2 ). No duration effect was observed with either CaM or CaD. Sex, age, and background cardiovascular risk did not appear to be effect modification factors (Tables S4 and S5) .
Discussion
The present study shows that CaM at high daily doses is associated with an increased risk of nonfatal IS, whereas no such a risk was observed when calcium supplements were used either at low-doses or in association with vitamin D.
High serum calcium concentrations are linked to artery calcification, [21] [22] [23] an important marker of atherosclerosis, and are considered a relevant predictor of hard ischemic events. [24] [25] [26] [27] This mechanism has been postulated as the biological link between the use of calcium supplements and atherothombotic events. 28 In a recent study, Anderson et al 29 reported that calcium supplements were associated with an increased risk of atherosclerosis as measured by coronary artery calcification, whereas they found the opposite effect with dietary calcium. This apparent paradox could be explained by the abrupt increase of serum calcium that seems to occur after the intake of calcium supplements and not with dietary calcium. 28, 29 Consequently, intermittent increases in serum calcium sustained over long periods would ultimately promote vascular calcification and the development of atherosclerosis. This could occur particularly when there is a positive calcium balance (eg, after calcium intake >1400 mg/day). 29, 30 Our data support the hypothesis of a distinct effect of calcium when used in CaM or CaD. A number of studies seem 1.14) and for CaD (OR: 0.98), although CIs overlapped. Other studies, however, do not support this differential effect. 3 An increasing body of evidence suggests that the deficiency of vitamin D is associated with higher cardiovascular morbidity and mortality 31, 32 and that such deficiency is prevalent, even in countries with supposedly high sunlight exposure like Spain (some studies estimate figures as high as 56%). 33 It is conceivable that the use of vitamin D supplements by patients, most of whom are vitamin D deficient, may offset potential cardiovascular damage induced by calcium supplements. Although it would have been interesting to assess the effect of vitamin D alone, the exposure was very low in our study and precluded any meaningful analysis. According to our results, the amount of daily calcium intake (without vitamin D) may have a crucial role in the risk of IS. Similarly, in 2 studies performed in Denmark, Larsson et al found an increased risk of stroke in both men 34 and women 35 who had dietary calcium intake >1000 mg/day with respect to those with a lower intake. In a recent meta-analysis, Chung et al 36 reviewed all observational studies that examined the association between total calcium intake (diet and supplements) and stroke risk, and the dose response found was highly inconsistent, but in most studies, there was no information on intake >1600 mg/day. In our study, we observed a risk only in patients with a daily dose of ≥1000 mg of calcium supplements in addition to dietary calcium intake (not recorded). Overall, it is likely that these patients had total daily intake of ≥1600 mg, precisely the part of the range at which most studies offer no data.
With an average incidence of IS of 460 cases per 100 000 person-years in the US population aged ≥65 years, 37 a relative risk of 2 for IS among users of high-dose CaM would yield a number needed to treat of 217 patients per year to have 1 patient harmed, which is not a negligible population impact (see Table S6 for other scenarios).
The main strengths of our study are as follows. First, PCPs are the gatekeepers of the Spanish National Health System, and all patients, including those discharged from hospitals, should visit them to continue treatment; therefore, the recording of important diseases can be considered almost complete. Second, PCPs need to use a computer to fill in prescriptions, so the underrecording of prescription drugs can reasonably be excluded. Third, controls were randomly selected from the source population, which ensures their representativeness with respect to population exposure and reduces the possibility of a control selection bias. Fourth, researchers were blind to drug exposure when ascertaining cases, so avoiding a differential misclassification of cases influenced by exposure. Fifth, the results applying the newuser approach were consistent with the main analysis, thus reinforcing their validity. Our study has a number of limitations. First, we did not include fatal events because PCPs do not have a complete registry of deaths, and, in particular, there is no appropriate recording of cause of death. Consequently, our results cannot be extrapolated to fatal events. Second, although we made efforts to identify potential cases and validate the diagnosis of IS, the possibility of false positives and false negatives cannot be totally excluded; however, in our view, such potential misclassification would dilute any association between the exposure and the outcome and then could not explain the increased risk associated with high-dose CaM. Third, we did not have information about the intake of calcium supplements with diet or with nonprescription medicinal products; if such intake Journal of the American Heart Association were higher among nonusers of CaD or CaM (the reference category for all analyses), the measures of association would be distorted toward the null, assuming that calcium intake increases the risk of atherothrombotic events. Nevertheless, if this were true, the increased risk of IS observed with highdose CaM would be even greater, and the differential effect of CaM and CaD would still hold. Fourth, although the study has a large number of events, the exposure is limited (in particular, for CaM), and some estimates had wide CIs; however, the possibility that the association of high-dose CaM with stroke is explained by chance is highly unlikely (P=0.005 in the main analysis and P=0.001 in the new-user analysis), even in a scenario of multiple testing. Finally, despite our efforts to adjust for many potential confounding factors, the possibility of residual confounding still exists, as in any observational study, particularly for unmeasured factors.
In conclusion, the results from the present study do not support the hypothesis that CaD increases the risk of IS but add to the concerns relative to the safety of CaM, particularly when used at high doses. 
